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REIORr  OF  RESEARCH  \!OTJi   ILT  WHE;ff  STORAGE 
by  C.  F.  Kelly  of  the  Bureau  of  Agricultural 
Chenistry  and  Engineering,  U.  S.  Department 
of  Agriculture. 

A  paper  presented  in  Chicago,  Illinois, 

before  the  American  Society  of  Agricultural  "  r 

Engineers  technical  meeting  on  December  5,  1939. 

The  storage  of  vfheat  on  the  farm  has  in  the  past  few  years  re- 
ceived much  attention  from  both  farmers  and  Covernment  agencies.  Many 
questions  and  problems  have  arisen  as  to  the  best  types  of  storage 
structures  for  the  farm,  the  relative  suitability  of  the  various 
material?,  of  construction,  the  grades  and  raoisture  content  of  wheat 
that  can  be  safely  stored  for  long  periods,  effectiveness  of  under- 
ground storages,  the  use  of  absorbents  for  drying  wheat  in  storage, 
the  suitability  of  various  bin  designs  for  fumigation,  the  possi- 
bilities of  developing  a  portable  v/heat  drying  macnine  that  can 
economically  remove  enough  m.oisture  from  damp  i/heat  to  make  storage 
safe,  and  bin  ventilating  systems  for  diimp  vmeat.   In  order  to  find 
an  ans\;er  to  these  questions,  a  research  program,  support^;d  by 
Brinkhead-Jones  founds,  was  instituted  in  1936  by  thi  Department  of 
Agriculture,  represented  by  the  Eur.-aus  of  Af-ricultural  Engineering, 
Plant  Industry,  .and  ^vf'ricultural  Economics,  ^md  the  Agricultural 
Experiment  St.-itions  of  North  Dakota,  Kansas,  Illinois,  Maryl'ind, 
Ohio,  Hichiron,  'Oid   Ilinnesota.   In  1936  and  1937  the  State  Hill  and 
Elevator  of  Ilorth  Dakota  ilso  cooperated  by  lending  large  qu:.mtitiaS  of 
v;heat  for  use  in  the  experiments  in  that  State.   Field  st.-.tions  find. 
experimental  bins  were  set  up  at  Fargo,  North  D'lkota;  Hays,  Kansas; 
Urbana,  Illinois;  and  College  Park,  Marylfind;  each  in  cooper■^tion 
with  the  respective  agricultur;il  experimental  station.   Thus,  all  the 
wheat-grov;ing  regions  except  the  VJt-stern  Coast  vrore  included  in  the 
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investigations.   The  experimental  bins  ranged  in  size  from  20-bushel 
to  1000-bushel  capacity,  about  10  of  the  small  and  8  to  12  of  the  larger 
bins  being  erected  at  each  station.   These  bins  varied  in  materials  of 
construction,  amount  of  insulation,  size,  and  type  of  ventilating  systems, 
if  any. 

The  different  bins  r-jid  ventilating  systems  were  compared  by  not- 
ing the  temperature  changes  of  the  grain  in  different  parts  of  the  bin, 
the  rates  at  which  moisture  was  removed  from  the  stored  wheat,  the 
commercial  grade  of  the  wheat  when  placed  into  storage  and  during  the 
storage  period,  and  the  changes  in  the  condition  of  the  wheat  as  indicated 
by  its  fat  acidity  1/  and  percent  germination.   T;-.mperatures  of  the 
stored  viheat  were  obtained  by  thermocouples  placed  in  representative 
locations  and  read  by  means  of  a  potentiometer.  Average  sr:iraples  vjere 
taken  from  the  bins  with  standard  grain  triers  ■■md  rinalyzed  by  the 
official  grain  inspectors  of  the  Agricultural  Marketing  Service  to 
determine  moisture  content,  grade,  fat  acidity,  and  milling  and  bciking 
qualities.   The  Bureau  of  Pl-mt  Industry  determined  percent  germination 
of  the  same  sajnples.   In  order  to  leam  the  condition  of  the  wheat  in 
different  parts  of  the  bins,  additional  sramples  vrere  taken  from  selected 
locations  and  tested  for  moisture  content,  fat  acidity,  and  germination. 

Those  bins  at  each  station  used  for  determining  the  relative 
merits  of  the  different  materials  of  construction — wood,  metal,  -md  con- 
crete— were  all  filled  from  the  same  lots  of  w-heat  through  a  large 
divider,  so  that  the  wheat  in  all  bins  would  be  as  nearly  identical  as 
possible.   For  determining  the  maximum  moisture  content  ond  temperature 


1/  The  fat  acidity  determination  is  a  chemical  test  based  upon 

the  .amount  of  froe  fatty  acids  in  the  wheat.   Fat  acidity  is  determined 

by  the  number  of  milligrams  of  potassiura  hydroxide  required  to  neutralize 
the  froe  fatty  acids  in  100  grams  of  v;heat. 
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for  safe  storage  over  v-'irious  lengths  of  time,  identical  bins  were  filled 

with  wheat  of  moisture  contents  slightly  above,  equal  to,  cjid  slightly 
below  that  specified  by  the  official  grain  standards  for  the  straight 
numerical  grades  of  the  v-'irious  classes  of  wheat.   Field  studies  of 
ventilation  were  made  at  all  of  the  stations,  in  bins  of  several  capa- 
cities, up  to  1000  bushels.   These  v;ere  filled  \Jith  moderately  d.amp 
wheat,  then  closely  observed  for  as  long  as  necessary  to  determine  the 
value  of  the  equipment  ajid  methods  used. 

Storing  of  damp  \;ho-.it  in  ventilated  bins  may  not  alv^ays  prove 
dependable  and  economicil;  hence,  in  1937  the  development  of  lex-/  cost 
portable'  dryers  employing  artifici  il  heat  vjas  started.   Two  methods, 
differing  in  the  manner  of  using  heat  and  air,  are  being  tested.   Good 
results  are  being  obtained  'it  the  University  of  Il'^ryland  with  a  dryer 
in  which  the  grain  is  heated  by  being  p.'issed  through  an  extended  surface 
heating  coil  while  a  stre.am  of  cool  air  flows  over  it  in  the  opposite 
direction  to  remove  the  moisture.  The  moisture  content  of  IV'yo  \;heat 
can  be  lovrered  to  IZfo   by  this  machine  at  a  rate  of  50  bushels  per  hour. 
By  reducing  the  rate  of  feed,  the  amount  of  moisture  removed  can  be 
further  increased.   Coal  is  used  for  fuel  and  water  as  thu  heat  carrier. 
Another  type  of  machine,  being  developed  at  Arlington  Experimental  Farmj 
Rosslyn,  Virginia,  heats  the  grain  by  direct  contact  wdth  the  inside  of 
a  drum  revolving  in  a  heated  oven.   The  vret  wheat,  heated  to  a  tempera- 
ture of  about  140°  F.  ,  passes  by  gravity  do\ni  betv/een  tvra  screens  spaced 
about  six  inches  apart,  vrhere  it  receives  a  blast  of  cool  air.   The 
wheat  is  in  the  air  flow  for  a  period  of  8  to  10  minutes,  in  which  time 
it  is  both  cooled  to  air  temperature  and  dried.   The  experimental  model 
built  in  1939,  mounted  on  a  truck,  will  dry  l&fo   wheat  to  14f/o   at  the  rate 
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of  100  bushels  por  hour.   Oil  is  used  for  fuel.   This  typo  of  raachino 
was  described  in  greater  det:iil  in  rm   article,  "Methods  for  Drying  Grain 
on  the  Farn, "  published  in  Ap,ricultural  Engineering  for  April,  1939* 

To  check  exp';rinental  data  obt'iined  at  th(-  f i  jld  stc.tions,  several 
surveys  of  storage  conditions  on  farms  hive  been  made.   The  storage  of 
wheat  under  seal  by  the  A.  A.  A.  has  provided  additional  opportunity  for 
us  to  observe  x/hefit  of  \/hich  the  initial  condition  vias  knovni. 

Laboratory  tests  h'lve  b(;en  conducted  alon.a  several  lines.   The 
Bureau  of  Plant  Industry,  in  its  Washington  laboratories,  has  experiments 
under  \my  to  detei-mine  thr;  part  played  by  fungi  in  the  spoil-.'ge  of  \;haat 
'^ind  the  effectiv.mess  of  uerta.in  fungicides  in  inhibiting  such  spoilage. 
The  spoilage  kno\m  in  the  trade  as  ''sick  i/heat"  is  ilao  being  studied. 

As  stated  before,  saraples  are  taken  from  th-,-.  vwieat  under  observa- 
tion for  moisture,  grade,  milling  =md  baking,  germin  ;tion,  and  fat  ".cidity 
tests.   These  s;j-iples  are,  of  course,  used  to  duternine  in  the  l:;boratory 
the  extent  of  deterior-ition.   In  this  connection  it  v;:iS  found  th"t  the 
external  evidences  of  v/heat  deterior-ition  usxu.'lly  are  not  apparent  until 
the  condition  of  the  grain  has  be«n  lowered  enough  to  -if feet  its  com- 
mercial grade.   Ilox/ever,  percent  gernin-ition  Mid  fat  acidity  of  sound 
wheat  Were  found  to  be  valu-ible  indices  of  incipient  deterioration  that 
is  not  apparent  from  grade  examination.   Ch'xnges  in  both  termination 
and  fat  acidity  are  found  to  be  accelerated  under  high  moistirre  :and 
temperature  conditions,  -md  these  changes  are  raeasurabli^  before  the 
development  of  abnormal  odors  or  kernel  dnnage.   VJith  wheat  of  low 
moisture  content  and  lo\/  temperature  conditions  there  is  little  loss  in 
germin;ition  or  increase  in  fat  acidity. 

Laboratory  experiments  vjere  also  conducted  in  Uashington  and  in 
the  field  stations  to  determine  basic  dato  for  the  design  of  ventilating 


systons.  These  includGd  tests  cind  calculations  to  lotGDnine  air  pressures 
available  fron  the  i»-ind,  rates  of  air  flow  through  wheat  \mder  low  static 
pressure,  effect  of  chaff,  bin-wall  surface  area  and  wheat  density  on 
rate  of  air  flo\r,  -md  rates  of  moisture  rerioval  fron  stored  wheat  ^onder 
various  conditions  of  air  flow  and  grain  depth.  These  data,  as  vjell  as 
the  results  of  the  tests  of  ventilated  bins,  will  soon  be  published  in 
a  circular,  "Methods  of  Ventilating  Wheat  in  Farri  Storages."  Since  this 
circular  went  to  press,  additional  infomation  on  the  effect  of  tenpera- 
ture  on  the  noisture  equilibriuri  of  vrhe-\t  has  been  obtained  in  the 
Wishington  laboratories. 

Recently  an  experinent  was  set  up  to  deteriiiine  thj  effect,  if  any, 
of  storage  in  creosote-treated  bins  on  the  odor,  official  grade,  gemina- 
tion, and  Hilling  and  baking  qualities  of  the  storeii  wheat. 

Several  probloris  v/hich  are  of  iixie  liate  interest  :\t   this  tine  in 
connection  with  farn  storage  structures  are  (l)  strength  requirencnts, 
(2)  weather  tightness,  (3)  insect  control,  and  (4)  bin  ventilation. 


Strength  Requirenents 
No  recent  investigations  have  been  nade  of  the  various  pressures 
produced  in  a  structure  by  stored  vJheat.   However,  several  nathenatical 
treatments,  as  well  as  a  description  of  nunerous  experinents  to  deter- 
mine the  law  of  grain  pressures  are  given  in  detail  in  "The  Design  of 
Walls,  Bins,  ^uid  Grain  Elevators,"  by  Ililo  S.  Ketchum.   The  calculated 
solutions,  obtained  by  neans  of  either  Janssen's  or  Airy' s  formulas, 
agree  closely  with  experimental  data.  An  article  by  J.  D.  Long,  "The 
Design  of  Grain  Storage  Structures,"  published  in  the  July,  1931,  issue 
of  "Agricultural  Engineering"  suramarized  the  existing  knowledge  of 
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structural  design  of  grfiin  bins  -inrl  cited  several  types  of  failures  and 

their  causes. 

Because  all  fornulas  nake  use  of  one  or  no re  constants,  the 

values  of  which  vary  vrith  the  kind  and  condition  cf  grain  to  be  stored 

and  the  material  of  bin  construction,  nuch  judgrient  in  selecting  the 

proper  values  must  be  used  in  design  work  of  this  type,  -md  on  large 

structures  an  experienced  engineer  shouli  be  consulted.   It  should  be 

renenbered  that  even  in  snail  bins  the  pressures  are  quite  large.  For 

instance,  in  a  1000-bushel  rectangulo.r  wood  bin,  12'-0"  x  14'-0"  x  8'-0" 

high,  filled  v;ith  wheat  v;eighing  50  pounds  per  cubic  foot,  the  lateral 

pressure  at  the  botton  of  the  si'".e  i;all  will  be  about  180  pounds  per 

square  foot,  the  load  carried  by  the  side  walls  340  pounds  per  lineal 

foot  and  the  pressure  on  the  bin  botton  about  290  pounds  per  square 

foot.  A  round  netal  bin,  14' -0"  in  dioneter  --md  8'-0"  high,  capacity 

about  1000  bushels,  and  fillel  with  the  sane  kind  of  grain,  villi   have 

a  lateral  pressure  at  the  botton  of  about  190  pounds  per  square  foot, 

a  load  carried  by  the  side  walls  of  about  300  pounds  per  lineal  foot, 

and  a  pressure  on  the  bin  botton  of  about  310  poun..s  per  square  foot. 

In  a  larger  netal  bin,  2036-bushel  capacity  and  18' -C"  in  dianeter  by 

10  feet  high,  the  lateral  pressure  at  the  botton  v/ill  be  about  240  pounds 

per  square  foot,  the  lo-id  on  the  bin  walls  per  lineal  foot  about  470 

pounds  and  the  vertical  pressure  approxinately  400  pounds  per  square 

-ku'  h 

wR  ^ 

foot.      In  naking  these   calculations  Janssen^s  fomula — L  -  — -  (    1  -  e  ) 

u'    ^ 

— was  used,   with  the  fclloi^ring  nonenclature : 
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L  -  latoral  pressure  of  iJheat  in  poiinds  p'.^r  square  foot 
vj  =  v/eight  of  frain  in  pounds  per  cubic  foot 
II  -   hydraulic  radius  of  bin 

u'  -  coefficient  of  friction  of  wheat  on  bin  wall 
k  -   r;itio  of  In.teral  to  vertical  pressures 
h  -  depth  of  /i^rain  in  fuet 

A  value  of  0.6  iras  used  for  k,  0.441  for  the  coefficient  of  friction  of 
wheat  on  vrood,  and  0,365  for  coefficient  of  friction  of  wheat  on  metal. 
The  pressures  -.s  calcul':ted  above  are  approxiri'-itely  the  sarie  as  i/ould 
be  obtained  with  Airy's  fomula  usinfr  an  :ingle  o:*^  r-.pose  for  \;heat 
of  18°. 

Ordinarily,  the  v;all  material  of  one  to  tvjo   thousojid  bushel  round 
metal  bins  is  strong  enough  to  take  the  "hoop"  tension.   However,  struc- 
tural failures  nay  occur  in  the  vertical  S'^cuas  betwuen  X'/all  sheets  or 
at  the  junction  of  the  vmll  sheets  with  the  door  frai.ies  because  of  too 
snail  or  an  insufficient  nunber  of  bolts,  or  because  the  designer  failed 
to  realize  that  a  bolt  put  in  place  in  the  field  nay  not  make  as  efficient 
a  joint  as  can  be  obtained  in  th^:  shop  v;ith  the  sane;  fastening.   The  en- 
tire bursting  pressures  below  the  top  of  the  bin  door  are  transnitted 
to  the  door  fron-J,  -ind  this  feature  nust  be  of  heavy  enough  construc- 
tion to  prevent  notic-;able  deflection.   Some  prefabricated  bins  new  on 
the  market  are  v;eak  in  this  respect. 

The  design  o:^  vrooden  bins  for  strength  is  very  \;ell  covered  in 
Farmers'  B\illetin  1556,  "Farm  Bulk  Storage  for  Snail  Grains,"  and  in 
"Wheat  Storage  in  the  Ever-Hornal  Or.anary."  These  publications  include 
tables  giving  th'^.  safe  size  and  spacing  ftf  studs  and  joists  for  farn 
grain  bins  of  various  depths,  ^md  the  safe  Icids  for  various  sizes  and 
spans  of  joists. 
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Wonther  Tightness 

An  otherwise  well-constructed  bin,  filled  ^.t  harvest  v-rith  good 
dry  wheat,  may  not  safely  store  the  grain  because  of  failure  to  keep 
out  rain  and  snow.   Rain,  driven  by  r.jinclj  will  enter  a  bin  through  small 
holes  in  the  roof,  cracks  in  the  walls  and  around  ventilators,  or  ■\t 
the  floor  line  in  some  types  of  construction.   Rain  lecJcing  in  through 
a  hole  in  the  roof  will  usually  run  straight  dovm  to  the  floor,  result- 
ing in  a  core  of  spoiled  wheat  under  the  roof  opening,  :and  a  spoiled 
condition  of  the  grain  on  the  floor  which  m^/.y  be  attributed  to  some 
other  cause.   It  has  bean  found  in  the  northern  st-:tcs  th^t  it  is 
sometimes  more  difficult  to  make  a  bin  tight  agiinst  snow  than  against 
rain.   Experiment. al  bins  at  Fargo  th.it  vrcre  well-built  /.nd  excluded 
rain,  allovjed  several  inches  of  snow  to  blow  in  on  top  of  the  grain  in 
one  blizzard.   If  the  snow  is  shoveled  out  before  it  melts,  it,  of 
course,  does  little  ham,  but  it  must  be  remembered  that  it  may  melt 
under  the  roof  before  it  does  on  the  ground.   Our  engineer  at  Fargo 
observed  snow  melting  on  a  bright  day  in  a  metal  bin  at  an  outside 
temperature  of  -2°   F.   The  water  from  such  slow  melting  causes  an  in- 
crease in  moisture  content  of  the  wheat  in  the  upper  layers.   A  certain 
amount  of  it  may  run  dovm  the  viall  to  the  floor.  Another  source  of 
trouble  from  snow  may  occur  in  the  spring  v;hon  drifts  agiinst  the  south 
side  of  the  bin  begin  to  melt  sooner  thaai  the  snow  farther  away,  the 
trapped  water  running  into  the  joint  between  the  side  walls  .and  bin 
floor.   The  remedy  for  the  above  failures  are  obvious — mr\ke  all  joints 
in  bin  v/alls  and  roof  weather  tight,  using  c.iulking  compound  if  necessary, 
close  ventilators  in  winter  months  by  plugging  with  burlap  s-xks,  and 
build  bin  on  •.  foundation  high  enough  to  give  proper  drainage  from  both 
rain  .pjid  melting  snovj. 
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Insect  Control 

TliG  Bureau  of  Entonology  ^md  Plunt  Quarrmtine  states  that  millions 
of  dollars  ar>i  lOot  yearly  Ly  faruars  bocauso  of  dan-iga  to  stored  /];rain 
by  waovils  and  the  ,'\iigounois  grain  noth.   This  past  yanj?  the  engineer 
in  charge  of  thu  storage  invostige.tions  '^.t  Hiys,  Kansas,  nade  a  survey 
of  f  \rri   wheat  bins  in  thf:  ca\storn  and  central  sections  of  th-'.t  St-';te. 
In  July,  shortly  after  harvrst,  S'^riplos  \/..;re  obt  dn  .d  froii  49  bins,  the 
vxheat  noisture  contents  r-aix-'inf''  froia  10.4^o  to  17.3^.  No  insects  W:re 
found  at  that  tine.   In  the  latt'!r  p-  rt  of  Septeiiber,  about  t\70  rionths 
later,  22  of  the  bins  around  'Jichita  xi^ero  revisited  nnd   srjapled,  and 
18  were  found  to  bo  infested  \/ith  bran  bugs  -md  flour  x/orns,  eleven 
severely  enough  to  be  graded  "\Jeevily".   Only  one  of  these  bins  was  under 
seal  for  a  lo^n,  -md  so  should  not  be  confused  ^;dth  tho  cases  cited  in  the 
preceding  p-.:per. 

Insect  loss  after  the  gr-iin  is  in  stor.'ige  c-m  be  pr'^-vented  by 
funig'ition.   The  usu  \1   nethod  is  to  use  -.  heavier-th^n-air  s:as  thit  will 
penetrate  dovm  through  the  grain  n-.ss.   It  is  necessary  th  .t  the  bin  walls 
and  floor  be  tight,  thu  effectiveness  of  .^\ny  funigant  being  in  inverse 
proportion  to  the  nunb:_.r  of  crr'.cks  and  openings. 

The  Bureau  of  Entonology  njid  Plant  Quarantine; ,  in  Famers* 

Bulletins  1483  and  1811,  give  conplete  directions  for  controlling 
insects  in  stored  gr;Lin  by  funis-ting  with  specific  funig'aats  and  also 

gives  accounts  of  the  life  cycles  .and  habits  of  th'.,  nore  important  insect 
pests  found  in  grain. 
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Bin  Vent  ilr.;t ion 

D'O'igc  tc  'I'-jTip  wheat  in  stor^SQ  is  usu-^lly  causol  by  the  -ctivity 
of  nicroorg^jiians  '■ji'l  by  Gxcensivc  r^spir-ition  of  the  whb  it  kt;rncl. 
Hoat  is  Gvolvoci  by  the  nicroorgcmisns  .and  by  kernel  respir.tion  _t  c 
rate  depending  to  a  l':rgc  extent  on  the  xvheat  lioisture  content  and 
torij;i:3raturG.   Uhere  the  heat  generated  is  not  roiioved  pro:iptly,  it 
will  rai.sc  the  irheat  teiipcratare  and  increase  the  r:ite  ef  respir-.tion, 
this  "self  accelerating"  pr:-cos3  continuing  until  the  grcd.i  is  unfit 
for  hunnji  consuiiption.   Insect  inf  ste.tion  .also  nay,  in  :..d:;ition  to 
the  dariaga  caused  by  the  actu-il  feeding  upon  th'.  kernel,  produce  enough 
heat  and  naisturu  to  st -rt  this  "self  .ccelerating"  process.   Therefore, 
in  designing  v^ntil-ite   structures  for  the  s.ife  storage  of  da';ip  V'7he-;it, 
in  addition  to  insect  control  ti'o  preblons  iiust  be  solved — th^j  '.issipa- 
tion  of  heat  on'',  the  renoval  of  n"-isture  fron  th.  tdieat.   Bath  nust 
be  acoonplished  beforf;  natorial  l?j.';.ago  has  occurro'l. 

The  Gxcess  heat  evolved  nay  bo  transferred  fron  the  wheat  riass 
to  the  bin  wall  by  conduction  or  radiation,  pji-.  then  to  thn  surrounding 
air,  or  n?-.y  be  r>..rioved  by  convection  currents  of  ,ir.   T^sts  node  in 
connection  \Jl-th   this  inv(;stigation  by  the  N.ttional  B^^roiiu  of  Standards 
indicate  that  for  i/heat  v/ith  a  noisture  content  bet'/een  12.5  and  14 
percent  tho  th  rnal  conductivity  va.rio::  fron  .89  to  .98  Btu  per  hour 
por  square  foot  per  inch  thickness.   This  n^ans  that  wheat  as  an  insulator 
is  about  as  effective  as  sawdust,   nl  will  resist  th...  trcuisfer  of  heat 
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fron  the  wheat  nass  to  the  bin  wall.  Mmiy  tenperatui'e  readings  taken 
by  means  of  themocouples  in  tlio  vjheat  raass  have  shovm  that,  vjhere  con- 
duction and  radiation  alone  .-ire  depended  upon,  the  ronoval  of  heat  from 
a  large  bin  of  ^'anp  v/hcat  is  not  fast  enough  to  prevent  the  building  up 
of  temperatures  dangerous  for  safe  storage.   The  amount  of  heat  transfer 
by  conduction  may  be  increased  by  shortening  the  distance  of  heat  travel, 
and  this  method  is  used  in  som:  types  of  bin  ventilating  systems.   How- 
ever, for  rapid  removal  of  heat  from  large  masses,  air  flo\'  through  the 
grain  is  necessary. 

Air  flo-w  is  also  necessary  for  the  drying  of  wheat,  the  rate  of 
moisture  removal  depending  upon  the  njaovmt  ^m^l   condition  of  air,  viheat 
temperature  ani  moisture  content,  ani  length  of  air  travel  through  the 
wheat.   In  bins  with  tight  walls  and  bottoms  and  with  no  v^ntil;'.ting 
flues  or  other  equipment,  vie   have  found  little  change  in  wheat  moisture 
content,  except  in  the  top  six  inches  or  one  foot,  oven  though  a  venti- 
lator is  fitted  into  the  roof  to  provide  air  circulation  above  the  grain. 

The  problem  of  bin  ventilating  system  design  is  complicated  by 
the  fact  that  air  movement  is  necessary  for  ventilation  but  a  hindrance 
to  insect  control.   Any  openings  in  the  sides  or  bottom  of  a  ventilated 
bin  must  be  so  arranged  that  they  c-.ui  b-.  easily  sealed  when  necessary 
to  f\imigate. 

The  higher  average  idn:!  velocities  and  lower  relative  humidities 
make  natural  or  wind-operated  ventil  .ting  systems  more  effective  in  the 
area  west  of  the  Mississippi  River  than  in  the  more  humia  sections 
farther  east.   Two  systems,  both  utilizing  tha  pressure  developed  by 
the  wind,  viere  tested  at  Fargo,  North  Dtkota  and  Hays,  Kansas,  and  found 
to  store  v/heat  safely  with  an  initial  moisture  content  of  from  one  to 
two  percent  higher  than  could  safely  be  stored  in  unventil  ^.ted  bins  in 
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the   Sana   areas   'Tnu.  appear  to  be  practical  for  use   on  the   farn  in  those 
areas*      These   systems   "-Iso   '\llo\r  frdrly  qhsj   sealing  of  the  bins  for 
fioiaifr  .tion. 

Both  desir^ns  have   a  lo,rge   cowl,    throat   ,Liar.ieter    ^bout  12   inches, 
above   th:-^   bin  x^hich   is  kept  hoaacl   into   th:-  vdna  by    t.  van:;.      Wind 
pressure   forces  air  froii  this   co\;l   into     .  roun ".  pressure   chaviber, 
covered  with   screen   or  p-'^rfor-ited  natal,    in   the   center  of   the  v/lieat  nass. 
In  a  1000-bushel  roun  .  bin  14  feut   in  di'iueter   anl  8  fuot  hiffJi,    the   air 
ch.aiiber  or    Iruii  used   is  -ibout   1  foot   thick    raid   7   faet   in  dianeter.      The 
bin  floor  r.iust  bw  of   screen  or  pjrfor  ite  .  netal,    so   that   the   drying  :ind 
coolinp:   air   cai  leave   at   both  th  :   top   'in  1  bottor.i  of  thu  bin  after   tr-iVel- 
ing  through   3  l/2  feet   of  ^izheat.      The   advantage   of   introducing   the    -.ir 
at   the  bin   center   -md   forcing  it  out   through  th..   top  .nd  bottori  surf:'ces 
of   the  vrhcjat    is  twofold:       (l)    T.he   cool    Iry    -.ir  \illl  first   dry   out   the 
center   of  the  uass  Khere   troublo   r'vron  habiting   am  1  uol..ing   is  first   likely 
to   develop   -m  .    (2)    -^ny  increase   of  wha;t  noisturj   cont'^nt   du;..    to   deposi- 
tion of  noistur^   on  cool  whu'.t  T'ill   occur  near   th^^   bctton  or  top  of   the 
bin  where   it  riay  nore   easily  be   picked  up  by   the   outsi  'e     dr.      Ey  b  'jik- 
ing  earth    a-oun  l   the  botton  of   th..  bin    in',  closing  the   ona   duct   leading 
frora  tha   cowl   to   the     Lruii,    thi.  idieat    stored  in   a  bii   of  this   type   coji 
be  effectively  furiigated. 

The    second    lesign   is  laore    suitable    for   installing   in  a  wooden 
bin,      iAv   fron  th^;   praasure   coi.;l   is   led  to  two  layers  of   flues,    one   layer 
at   the   floor  level    ail   the   o^her   tv/o- thirds  of   tho   distance  up  fron  the 
floor.      These   flues,    of  1"  x  4"  boards  on  edge    about   4  inches  apart   and 
covered  with  fly  screiin,    shoul '.  be    spacad  horizontally    -bout   2  feet   on 
centers.      The   ends  of  the   flues  not   connected  to   thu    cowl    ire   closel. 
A  third  layer   of   flues,   h-.lf  ir.y  betWc;en   the   txro   inlut  l-.yers,    serves 
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as  an  exit  for  p;\rt  of  the  vent il  '.ting  -lir,  tii..  ren-iindjr  pressing  out 
through  the  upper  surface  of  the  vihe-'.t.  Both  ends  of  th-j  outlet  flues 
are  open  to  tho  p.ir,  Ey  p^isting  paper  ov^^r  or  othervrise  closing  the 
onds  of  the  outlet  flues,  and  closin^^  the  large  duct  leading  to  the 
pressure  covjI,  this  type  of  bin  cm   .ilso  be  effectively  funigated. 

Eith.  r  of  the  above  described  ventilating  systens  can  be  easily 
adapted  to  po\;cr  ventil-.tion  by  repl^^cing  th  pressure  covil   rath  a 
blower.   If  a  blotter  of  a.deq.uate  cap-^city  (l  to  1  l/2  cubic  feet  of 
air  per  ninute  per  bnshol  of  vrtieat)  r^nd  a  feu   hours  of  reasonably  dry 
vreather  are  .n.vail '.b|.i-  each  drrj^    -s  is  usuilly  th;.-  case  in  the  western 
wheat  areas,  such  systens  should  Ivy   wneat  of  18  percent  uoisture  con- 
tent r/ithout  dar.i.ige. 

At  Hays,  K-msis,  bins  vrith  perforated  fl  ^.ors  but  \:itheut  i.ieaiis 
for  forcinf;:  air  through  the  wheat  vjere  effective  for  equ.ilizing  uoisture 
between  wet  jid  dry  layers;  however,  they  renoved  very  littlo  noisture. 
They  probably  do  not  raise  th.;  S'lfe  ^.vurage  initial  u:)isture  content  by 
nore  than  0.5  percent,  -aid  r.re  not  recorrajnded  for  the  Soft  Red  Winter 
wheat  area.   The  offici  ncy  of  such  a  vontil-.ting  systen  cin  be  con- 
siderably incroas>.d  by  a":.ding  a.  auction  cov'l  on  the  roof  of  the  bin  :ind 
tightly  closing  all  openings  above  the  wheat.   In  v;estarn  Kansas,  the 
cowl  will  probably  raise  the  Scife  storr.ge  noisture  content  1  to  1  1/2 
percent  higher  than  for  vjheat  stored  in  non-ventilated  bins,  but  its 
effectiveness  in  regions  of  high  huuidity  is  linit-.d. 


